Wernicke encephalopathy (WE) is a neurologic disorder related to the deficiency of thiamine (vitamin B 1 ). Thiamine has an important role as a coenzyme of transketolase, α-ketoglutarate dehydrogenase and pyruvate dehydrogenase complex. Thiamine deficiency often results in an osmotic gradient disorder which leads to intracellular and extracellular edema [1] .
Brainstem cranial nerve diffusion changes in Wernicke encephalopathy secondary to necrotizing pancreatitis Serpil Kurtcan, Alpay Alkan, Sinem Aydin, Umit Tuzun, Huseyin Toprak Wernicke encephalopathy (WE) is a neurologic disorder related to the deficiency of thiamine (vitamin B 1 ). Thiamine has an important role as a coenzyme of transketolase, α-ketoglutarate dehydrogenase and pyruvate dehydrogenase complex. Thiamine deficiency often results in an osmotic gradient disorder which leads to intracellular and extracellular edema [1] .
Wernicke encephalopathy commonly occurs due to chronic alcohol abuse. However, some clinical conditions such as gastrointestinal surgery, prolonged vomiting, dietary unbalance, hyperemesis gravidarum and anorexia nervosa may cause WE [2] . The classical symptoms are usually characterized by a clinical triad involving changes in consciousness, ocular dysfunction, and ataxia. Early diagnosis and treatment are crucial for prognosis.
Typical magnetic resonance imaging (MRI) features include symmetric hyperintensity in the mamillary bodies, medial thalami, tectal plate, and periaqueductal area on T2 weighted imaging [3] . Also, there are some studies reporting atypical MRI findings including signal intensity alterations in different brain areas such as the cerebellum, cranial nerve nuclei, tegmentum of the lower pons, cerebellar dentate nuclei, caudate nuclei, splenium of corpus callosum, and cerebral cortex [4] . However, as far as we know, there is no study showing diffusion changes of cranial nerve nuclei involvement.
A 36-year-old male patient had been hospitalized with the diagnosis of necrotizing pancreatitis. He had no history of alcohol abuse. Computed tomography (CT) showed acute pancreatitis and accompanying necrosis. Total parenteral nutrition and antibiotic therapy were started for the patient. For the last 2 days, he had difficulty in walking, drowsiness and ocular symptoms and deterioration in the level of consciousness. On the neurologic examination, pupils were isochoric and pupillary light reflexes were positive. Papilledema was not detected, but there was horizontal divergent gazing bilaterally. Spontaneous movements of the extremities and deep tendon reflexes were positive. Kidney functions, serum glucose and total protein values were normal. Serum concentrations of alkaline phosphatase (ALP), lactate dehydrogenase (LDH), γ-glumatyl transferase (GGT) and amylase were mildly elevated. Ca, Na and Cl levels were mildly decreased. Serum thiamine concentration was 15 ng/ ml (norm: 20-50). On the diffusion-weighted imaging (DWI), symmetric hyperintensities were detected in mammillary bodies, medial thalami, the periaqueductal area and in the prepositus hypoglossal nuclei at the medulla oblongata with isointensity on the ADC map ( Figure 1 ). With thorough clinical assessment and according to the DWI findings, the patient was diagnosed with WE. Daily i.v. 100 mg thiamine therapy was started. On the DWI after 1 week, there was mild regression in signal intensities in mammillary bodies, medial thalami and periaqueductal area and further regression in the prepositus hypoglossal nuclei on the medulla oblongata. Furthermore, newly developed lesions were detected in the left nucleus caudatus, bilateral putamen and cerebral cortex with low ADC values (Figure 2 ). During follow-up, the ocular dysfunction improved after thiamine supplementation although other symptoms persisted in the patient. Control DWI performed 3 weeks after the diagnosis showed that the signal intensity observed in the putamen persisted, but the hyperintensities in the cerebral cortex had regressed. Additionally, newly developed symmetric hyperintensities on the pontine nuclei were observed (Figure 3) . While the treatment of the patient in the intensive care unit was ongoing, due to worsening of his clinical condition, the patient was intubat- Figure 1 . A -A 36-year-old male patient with WE. Initial diffusion-weighted images show high signal intensities in the bilateral median thalami, mamillary bodies, periaqueductal area and prepositus hypoglossal nuclei at the lower pons and medulla oblongata level (arrowheads) A ed. However, he died two and a half months after hospitalization.
The daily thiamine requirement obtained by carbohydrate (dietary) intake for healthy individuals is 1-2 mg. The thiamine reserve in the body is about 30-50 mg. This reserve in the body is only sufficient for 4-6 weeks under conditions leading to thiamine deficiency.
The pathogenesis of WE due to thiamine deficiency is not certainly identified. Impaired glucose metabolism in Krebs and pentose phosphate cycles and increase in the intracellular concentration of glutamate because of the enzymatic inactivity are accepted to be responsible for WE. As a result, cellular homeostasis breaks down and glutamate is released to the extracellular region [5] . The increase in extracellular glutamate is known to be one of the primary causes of excitotoxic brain damage. In addition, increased extracellular glutamate results in axonal swelling and cytotoxic edema of glial cells, possibly contributing to diffusion abnormalities leading to necrosis. Figure 1 . B -A 36-year-old male patient with WE. Initial ADC map images demonstrate isointensity in the bilateral median thalami, mamillary bodies, periaqueductal area and prepositus hypoglossal nuclei at the lower pons and medulla oblongata level B Figure 2 . The follow-up DWI 1 week after thiamine therapy. Diffusion-weighted images show mild regression in signal intensities in medial thalami and prepositus hypoglossal nuclei at the lower pons and medulla oblongata level (arrowheads). There are newly developed lesions in the bilateral putamen and cerebral cortex on DWI In recent studies, the involvement of prepositus hypoglossal nuclei at the medulla oblongata, the cerebral cortex and cranial nerve nuclei at the level of the lower pons on conventional MRI has been reported [6] [7] [8] . Ha et al. [8] identified dorsal medulla involvement on FLAIR images. They also reported that the medulla oblongata contains a great number of cranial nerve nuclei, and these cranial nerve nuclei could not be differentiated on FLAIR images. In our study, we identified symmetric involvement of the prepositus hypoglossal nuclei at the medulla oblongata on DWI as well as the other typical areas. We observed diffusion alterations in the cerebral cortex, basal ganglia and pontine nuclei. The DWI is a method which can detect alterations in the diffusion of water molecules and may show early ischemic changes in brain tissue.
Wernicke encephalopathy lesions can be observed as hyperintensities on DWI, with increased, low or normal ADC values. The hyperintense lesions detected together with low ADC are consistent with cytotoxic edema, whereas the increased ADC is consistent with vasogenic edema. Some studies have reported that the hyperintense lesions detected on DWI with a normal ADC value could result from T2 shine-through effects [9] . In our patient, DWI showed hyperintensity on the Figure 3 . The follow-up DWI performed 3 weeks after the diagnosis. Diffusion-weighted image shows persisted signal intensities in the putamen. Newly developed symmetric high signal intensities on the pontine nucleus at the pons level on DWI were observed (arrows) left nucleus caudatus, bilateral putamen and cerebral cortex with low ADC, which supports cytotoxic edema. Diffusion changes in the other regions, especially at the cranial nerve nuclei, may reflect the difference in the degree of cytotoxic edema.
In conclusion, the hyperintensities detected on DWI indicate the tissue at risk, but do not necessarily show irreversibility [5] . By means of early diagnosis and adequate treatment, abnormalities on DWI may also be reversible [10] . The DWI must be added to routine MRI sequences in diagnosis of the acute phase and follow-up period of WE to demonstrate cranial nerve involvement and to assess the response to therapy.
